Results Prior to propensity score matching, 41 cases with the S-O clip (use group) and 189 cases without the S-O clip (non-use group) were extracted. The degree of submucosal fibrosis was more severe and the procedure time was longer in the use group than in the non-use group. In the use and non-use groups, en bloc resection (100 % vs. 94.7 %) and complete en bloc resection (100 % vs. 92.6 %) rates were satisfactory. After propensity score matching, 33 cases in each group were extracted. As a result, complete en bloc resection rate was significantly higher in the use group than in the non-use group (100 % vs. 84.9 %).
Conclusion
The S-O clip is effective and can be used safely in colorectal ESD in the difficult-to-access submucosal layer.
based on outcomes of colorectal ESD in the difficult-to-access submucosal layer performed using the S-O clip.
Patients and Methods

Patients
In this retrospective single-center study, we analyzed outcomes of colorectal ESD performed at Hiroshima University Hospital between January 2016 and June 2018. During this period, we performed colorectal ESD in 451 consecutive patients with 460 cases. From January 2016 to December 2016, 182 patients with 189 cases underwent colorectal ESD without S-O clip (before group; 2 patients with 2 cases that underwent rectal ESD performed using the clip-with-line method were excluded) prior to the introduction of THE S-O clip. Between January 2017 and June 2018, 269 patients with 271 cases underwent colorectal ESD (after group; 6 patients with 6 cases that underwent rectal ESD performed using the clip-with-line method were excluded). Moreover, 41 patients with 41 cases underwent colorectal ESD with the S-O clip. The S-O clip was correctly applied in all patients and did not drop out in any case. Here, we defined 189 cases in the before group as the non-use group and 41 cases with the S-O clip in the after group as the use group, and performed propensity score matching (adjusted for sex, age, tumor localization, tumor size, growth type of tumor, degree of submucosal fibrosis, device type, rate of retrograde approach, scope operability, and operator experience value). As a result, 33 cases were extracted from each group, and the clinicopathological findings and outcomes were compared (▶ Fig. 1) .
The study was performed in accordance with the Declaration of Helsinki. All patients were informed of the risks and benefits of ESD, and each patient provided written informed consent for use of patient data. This study was approved by the Institutional Review Board of Hiroshima University Hospital (UMIN000016197, registration date: January 14, 2015).
Indications for colorectal ESD
Indications for colorectal ESD were defined using criteria proposed by the Japan Gastroenterological Endoscopy Society [29] and the Japanese Society of Gastroenterology [30] . ESD was indicated for tumors that required en bloc resection and in which en bloc resection using snare endoscopic mucosal resection would be difficult [31] . This included laterally spreading tumors of the nongranular type (particularly the pseudo depressed type), tumors with a type V I pit pattern, carcinomas with submucosal shallow invasions of less than 1000 μm, large depressed tumors, and large elevated tumors that were probably malignant, including large nodular lesions such as laterally spreading tumors of the granular type. In addition, ESD was indicated for intramucosal tumors with fibrosis caused by biopsies or peristalsis, local residual early-stage carcinomas that developed after endoscopic resection, and sporadic localized tumors associated with chronic intestinal inflammation conditions, including ulcerative colitis.
Colorectal ESD procedure
We performed ESD using a high-resolution video endoscope (CF-H260AZI, PCF-Q260AZI, CF-Q260JI, PCF-H290TI, Olympus, Tokyo, Japan) equipped with a transparent tip hood (ST Hood short type, Fujifilm, Tokyo, Japan), which allowed good visualization and stable dissection. DualKife J (Olympus) was mainly used for incision and submucosal dissection, with an electrosurgical generator (ESG-100, Olympus). When respiratory fluctuation was strong or scope operability was poor, we used ITknife nano (Olympus), whose tip insulator reduced risk of perforation, or SB knife Jr (Sumitomo Bakelite, Tokyo, Japan), which allows safe dissection simply by opening and closing the scissors without moving the knife itself. The pulse-cut slowmode setting (25 W) was used for mucosal incisions, and the forced coagulation mode (25 W) was used for submucosal dissection with DualKnife J and ITknife nano. We used the pulsecut fast-mode setting (30 W) and soft coagulation (40 W) mode with the SB knife Jr. We mixed equal volumes of 0.4 % sodium hyaluronate (Muco Up, Johnson & Johnson, New Brunswick, NJ, USA) and 10 % glycerin solution, and added a small amount of indigo carmine (0.2 mL per 20 mL sodium hyaluronate + glycerin). For endoscopic hemostasis, we used hemostatic forceps (Coagrasper, Olympus). The ESD procedure was performed by seven endoscopists with various skill levels. 
Introduction of S-O clip
S-O clip indication and procedure
We use the S-O clip as needed, particularly when the submucosal layer is difficult to access during submucosal dissection. Indications for use of the S-O clip in our hospital are as follows:
(1) existence of severe submucosal fibrosis, (2) tumor progression into the diverticula and the appendix, and (3) difficult accessibility of the submucosal layer for the scope. All seven operators equally applied the S-O clip.
After partial submucosal dissection of the tumor, the S-O clip was placed on the edge of the exfoliated mucosa. A nylon loop attached to the S-O clip was hooked to a normal or long clip (HX-610-135 or HX-610-090 L, Olympus). The spring tip (opposite side of the clip) was fixed at the opposite side of the lesion, at a distance of two folds behind the scope tip (▶ Fig. 2 ). Thereafter, visibility of the submucosal layer was increased, facilitating dissection. After ESD, the nylon loop was cut by the DualKnife J or ITknife nano, and the segment attached to the S-O clip was removed from the colon using a collection net (Olympus).
Examination items
We evaluated clinicopathological characteristics (sex, age, localization, tumor size, growth type of tumor, degree of submucosal fibrosis, pathological findings, type of device, rate of retrograde approach, operability of the endoscope, and operator experience value) and the outcomes (procedure time, en bloc resection rate, complete en bloc resection rate, post hemorrhage rate, and perforation rate). Degree of submucosal fibrosis was classified as no/mild fibrosis or severe fibrosis [32] . Postoperative hemorrhage was defined as a decrease in hemoglobin levels by 2 g/dL or more compared with the last recorded preoperative level or any apparent bleeding or massive melena [33] . Complete en bloc resection was confirmed when a segment with negative tumor margins was established histopathologically. Scope operability was classified as good, normal, or poor and was determined depending on whether a sufficient field of view could be maintained with the scope and whether the scope could be moved to the intended site without resistance, as previously reported [11] . 
Statistical analysis
We attenuated selection bias with respect to S-O clip due to sex, age, tumor localization, tumor size, growth type of tumor, degree of submucosal fibrosis, device type, rate of retrograde approach, scope operability, and operator experience value by using propensity score matching. Propensity scores were calculated using a logistic regression method. After propensity scores were estimated, one-to-one nearest neighbor matching was performed using a caliper set at 0.05. Student's t-test and the Wilcoxon rank-sum test were used to compare the distribution of continuous variables, and the Pearson chi-squared test or Fisher's exact test was used to examine the association between categorical variables and outcomes. P < 0.05 was considered to be statistically significant. All statistical analyses were performed using JMP version 14 (SAS Institute Inc., Cary, North Carolina, United States).
Results
Clinicopathological finding of the before group was as follows: 66.9 ± 10.8 years old, with a 111/78 male to female ratio. That of the after group was as follows: 65.5 ± 10.5 years old, with a 170/101 male to female ratio. Table 2 ). Furthermore, there were four recurrence cases in the before group and 14 cases in the after group, and there was no case of ulcerative colitis. Prior to propensity score matching, in the use group, the clinicopathological finding was as follows: 67. vere submucosal fibrosis or poor scope operability before the S-O clip was attached. All perforations were successfully closed, and all three cases improved with conservative treatment (▶ Table 4 ).
After propensity score matching, we selected 33 cases in each group (use group: 69.5 ± 6.5 years old, 24/9 male to female ratio, non-use group: 58.5 ± 2.5 years old, 23/10 male to female ratio; [▶ Table 5] ). In both cases, significant differences in clinical findings were resolved. Complete en bloc resection rate in the use group was significantly higher than that in the non-use group (100 % [33/33] 
Discussion
It is important to ensure a good field of view and effective traction of the lesion is necessary to perform safer and more reliable dissection in colorectal ESD. Ritsuno et al. [28] reported, in a randomized controlled trial of 50 cases, that treatment time is shorter when ESD is performed using the S-O clip for large superficial colorectal tumors. As the S-O clip has only recently been introduced, there are limited reports of its use in colorectal ESD cases. Moreover, the literature is insufficient regarding the safety and usefulness of the S-O clip especially in cases where it is difficult to approach the submucosal layer. Thus, using propensity score matching, we evaluated the safety and effectiveness of the S-O clip in consecutive patients by comparing cases that satisfied the S-O clip usage indication with cases where the S-O clip was not used; significant differences in submucosal fibrosis altitude and the rates of retrograde approach were resolved. There was no significant difference in treatment time between both groups, possibly because there were some cases where the submucosal dissection was continued for a relatively long time before using the S-O clip although it is supposed to be used as soon as possible when its use is deemed necessary. Complete en bloc resection rate in the use ▶ 
Data are presented as mean ± SD or number (%)
▶ group was significantly higher than that in the non-use group; this result is considered to be due to improvement of the resection condition with use of the S-O clip. Taken together, we consider that the S-O clip can result in optimal en bloc resection even in cases where the submucosal layer is difficult to access. In addition, the rate of adverse events in the use and non-use groups was low; therefore, we consider that the S-O clip can be used safely. Obtaining traction to secure the visual field involves application of gravity or a sinker [12, 13] . However, this method is often ineffective because of inadequate traction. As previously reported, the clip flap method helps increase the accessibility of the submucosal layer for the scope [14] . However, the traction effect is often inadequate and the clip interferes with dissection in some cases. The external forceps method involves use of grasping forceps, which is inserted from the forceps port of the scope, thereby allowing the tumor to be pulled. However, this method is only applicable to rectal lesions [15] . Thin endoscope-assisted ESD requires a second endoscopist to operate the thin endoscope for traction; in addition, insertion of the thin endoscope into the proximal colon is difficult [16, 17] . Although the clip-with-line method is effective for rectal or sigmoid lesions that can be pulled by a thread from outside the anus, its efficacy in the proximal colon is limited [18, 19] . The clip-and-snare method with a pre-looping technique involves fixing the snare around the transparent hood of the endoscope in advance and pulling a clip using the snare after the clip has been placed. However, this method requires reinsertion of the endoscope [20, 21] . The magnetic anchor method is advantageous in that it allows for the direction of traction to be changed from outside the body using magnetic force [22] . However, it is expensive and the number of times this device can be used is limited. On the contrary, in the internal traction method, such as use of the S-O clip, loop-attached rubber band, or latex band, lesions can be clipped at a desired position, and effective countertraction can be applied to a lesion independently from the scope. Thus, it is possible to improve the visual field while maintaining scope operability [23, 24, 34, 35] . Notably, as the S-O clip can be passed through the forceps port of the scope, it is not necessary to reinsert the scope; therefore, it is also useful in the proximal colon. However, this technique is also associated with certain limitations. Once the S-O clip is attached, it may be difficult to reattach the clip. Moreover, the spring part of the device may be damaged.
▶
Our study has some limitations. First, it was a retrospective single-center study performed by seven endoscopists with various skill levels. Second, the study enrolled a relatively small number of patients. However, as the data from the use and non-use groups were adjusted by propensity score matching, the quality of the results of this study can be considered to be sufficient.
Conclusion
In conclusion, the S-O clip is effective and can be used safely in colorectal ESD in cases wherein the submucosal layer is difficult to access. 
▶
